o 



*& 



- 1—1 

X 



hep-th/0009110 
DIAS-STP-00-17 
HD-THEP-00-45 



Gauge invariance and background field formalism 
in the exact renormalisation group 

O 

O 
O 

Filipe Freire, a ' b f\ Daniel F. Litim "fl and Jan M. Pawlowski 
^_> 

O . 

"■Department of Mathematical Physics, N.U.I. Maynooth, Ireland. 

School of Theoretical Physics, Dublin Institute for Advanced Studies, 

fSj \ 10 Burlington Road, Dublin 4, Ireland. 

> _ 

c Institut fur Theoretische Physik, Philosophenweg 16, 
D- 69 120 Heidelberg, Germany. 



o 
o 
o 

r^ I Abstract 

We discuss gauge symmetry and Ward-Takahashi identities for Wilsonian flows in 
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pure Yang- Mills theories. The background field formalism is used for the construc- 



tion of a gauge invariant effective action. The symmetries of the effective action 
under gauge transformations for both the gauge field and the auxiliary background 



field are separately evaluated. We examine how the symmetry properties of the full 
theory are restored in the limit where the cut-off is removed. 
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1. Introduction 

The Wilsonian or exact renormalisation group (ERG) |]T[ has been successfully ap- 
plied to both perturbative and non-perturbative phenomena in field theory. The main 
advantages of such an approach are its flexibility and the comparatively simple numerical 
implementation. Applications to gauge theories are much more involved because it is less 
obvious how a Wilsonian cut-off can be implemented for a (non-linear) gauge symmetry. 
Much work has been devoted to overcoming this intricacy PHH]|] (see JTTJ for a review). We 
focus the discussion on pure Yang-Mills theory, since the inclusion of fermions is straight- 
forward. The ERG equation for the corresponding effective action r\ describes how Tj. 
changes under an infinitesimal variation of the infra-red scale k: 

d t T k [A, c, c*; A] = ^Tr (^ + R A "j d t R A - Tr (j£± + Jfc) d t R c . (1) 

Here, t = Ink is the logarithmic scale parameter and the trace Tr denotes a sum over 
momenta, Lorentz and gauge group indices. The functions Ra and Re implement the 
Wilsonian infra-red cut-off for the gauge field A and the ghost fields c and c* respectively. 
We also introduced an non-dynamical auxiliary field A, the so-called background gauge 
field. 

In the present Letter we discuss in detail the symmetry properties of coarse-grained 
effective actions for non-Abelian gauge theories and their flows (|1|) within the background 
field approach. A similar programme has been put forward for Abelian gauge theories 
in ||. The most attractive feature of a background field formalism is that it provides a 



gauge invariant effective action [IT], which is defined via an identification of the auxiliary 
background field with the original gauge field. This property can be maintained even within 
a Wilsonian approach ||. 

The symmetry properties of a background field effective action are naturally encoded 
in Ward-Takahashi identities. These identities are derived by applying gauge transforma- 
tions separately to dynamical fields and background field. Clearly, the investigation of 
the Ward-Takahashi identities play a pivotal role in the evaluation of the coarse grained 
effective action. We shall argue that it is crucial to separately discuss the action of gauge 
transformations on the dynamical fields and the gauge transformations on the background 
field. Solving the related Ward-Takahashi (or BRST) identities poses a fine-tuning problem 
which is known to be soluble in perturbation theory. For Wilsonian flows these identities 
have been discussed in ||[5|J7]] . In the present approach we deal with an additional Ward- 
Takahashi identity related to gauge transformations of the background field. Whether this 
imposes an additional fine-tuning condition is an important question which has not yet 



been addressed. 

In the present contribution we close this conceptional gap in the formalism. The func- 
tional form of the Ward-Takahashi identities is established for both transformations. We 
argue that no additional fine tuning problem related to the existence of the new identity 
arises. Both Ward-Takahashi identities are shown to be compatible with the flow. This 
guarantees that both the usual Ward-Takahashi identity and the background field iden- 
tity hold in the limit where the cut-off is removed. In this manner the gauge invariance 
displayed in the effective action is the physical gauge invariance rather than an auxiliary 
symmetry. 



2. Background field formalism 

We briefly summarise some important points about the background field formalism, in 
particular the role of the different gauge transformations present in this approach. In the 
background field formalism an auxiliary (non-dynamical) gauge field A is introduced. The 
formalism then hinges on the use of a gauge fixing condition which depends on this field in 
such a way that the condition is invariant under a simultaneous gauge transformation of A 
and of the dynamical fields A, c and c*. This can be used to define an effective action which 
is invariant under the combined gauge transformation mentioned above. As the auxiliary 
field A is involved in this transformation it is clear that the invariance of the effective 
action is, a priori, an auxiliary symmetry. The essential point is that this symmetry for 
the special choice A = A becomes the inherent gauge symmetry of the theory. 

The starting point is the gauge-fixed classical action for a pure Yang-Mills theory in- 
cluding the ghost term 

S — S c i + S g { + S'gh • (2) 

The classical action S c \ = \f x F® u F® u contains the field strength tensor F IJil/ (A) = d^A^ — 
d v A^ + g [Ap, A v ], where F^ v = F" t a and A^ = A^t a with the generators t a satisfying 
[t a , t b ] = f abc t c and tr t a t b = — \5 ab . We also employ the shorthand notation J x = J d d x. 
In the adjoint representation, the covariant derivative is 

Df{A) = S a % + gf«*Al . (3) 

The natural choice for the gauge fixing is the background field gauge 

Sgf = ~ I (A - A); DfD* (A - A)l (4) 



which involves the covariant derivative D = D(A). The corresponding ghost action is 
given by 

S gh = - [c* a D™D<?c d . (5) 

J X 

We now turn to the symmetries of the action in (|2|) and introduce two different gauge 
transformations. The first one, given by the infinitesimal generator Q a , gauge transforms 
the original set of fields A, c, andc*. It generates gauge transformations representing the 
underlying symmetry of the theory. The transformation is defined on arbitrary functionals 
of A, c, c* and A as 

Finite gauge transformations with parameter u a are generated by exp[— if x uj a Q a ]. The 
action of © on the fields is given by 

G a (x)A b fl (y) = D; b x (A)6(x - y), G a (x)c b (y) = -gf\ c c c (x)5(x - y), 

G a {x)A b ^y) = 0, G a (x)c* b (y) = -gf a bc c* c {x)5{x - y). (7) 

The gauge field A is transformed inhomogeneously, the ghosts transform as tensors ac- 
cording to their representation and the background field is invariant. The subscript x for 
the covariant derivative refers to the variable on which the derivative operates and it will 
be omitted whenever it is unambiguous. From (|7|) it follows that the covariant derivative 
transforms as a tensor, 

Q a [x)D^ y = gf bdc D; d x 5{x -y) = g([t a 5(x - y), D,J ) bc . (8) 

The second gauge transformation, given by the generator Q a , transforms only the back- 
ground field A 

$ a = Df^- 0) 

On the fields it acts as 

Q a {x)A b ^y) = DfS(x - y), Q a A\ = Q a c b = Qc\ = . (10) 

Since Q a acts on A as Q a on A it follows that the covariant derivative D transforms 
as a tensor as displayed in (]8|) replacing A with A. Q a transforms the background field 
inhomogeneously while leaving the dynamical fields unchanged. The background gauge 



transformation Q a is introduced as an auxiliary transformation which, as it stands, does 
not carry any physical information. We remark that ([T0| ) implies Q a (x)(A — A) b (y) = 
-DfJ{x-y). 

Let us now study the action of Q a and Q a on the action S. The classical action is 
trivially invariant under both the gauge symmetry (](]) and under the background gauge 
symmetry (H) since it does not depend on the background field. In turn, neither the gauge 
fixing term nor the ghost field action are invariant under ([]) or (^). Their variation under 
(|) yields 

g\x)S g{ = ^DfD h *D?{A - A) d u (x) (11) 

Q a (x)S gh = f*>Df (c* b D^c e ) . (12) 

However, making use of (f|), (f|) and ( |10|) it is easy to see, that fllTl) and ( |12"1) are just 
—G a Sg[ and — G a Sgh respectively. Thus, each term in the action S[A, c, c*; A] is sepa- 
rately invariant under the combined transformation Q + Q. This brings us to a key point 
of the background field formalism. The invariance of S[A, c, c*; A] under Q + Q implies 
that the action S[A, c, c*] = S[A, c, c*; A = A] is invariant under the physical symmetry 
(|), Q a S[A, c, c*] = 0, with S[A, c, c*; A] satisfying the classical 'Ward-Takahashi identity' 

g a s = g a (s gi + s gh ). 

At quantum level these statements turn into gauge invariance of the effective action 
T[A, c, c*;A = A] with T[A, c, c*; A] satisfying the Ward-Takahashi identity of a non- 
Abelian gauge theory. Note that only the combination of both statements gives a physical 
meaning to gauge invariance of T[A, c, c*;A = A}. In the quantised theory where the 
sources couple only to the fluctuation field 

al = Al-Al, (13) 

the resulting theory is evaluated for vanishing expectation value (a) = (Notice that the 
gauge fixing condition (^) only constrains a"). 



3. Wilsonian flows 

We now follow the strategy sketched above for the case of a coarse-grained effective 
action along the lines in ||. Scale-dependent regulator terms for the gauge and the ghost 
fields, respectively, are added to the Yang-Mills action (fj), 

S k = S + AS k , AS k = AS kA + AS k>c • (14) 



The new terms are (non-local) operators quadratic in the fields and given by 

AS M = \JJA- A)l Ra^Pa 2 ) (A - At (15) 

AS k , c = [c:R<$(P c 2 )c b , (16) 



where the arguments P A 2 and Pq of the regulator functions are appropriately defined 

)f v = (-D 2 r% v 



Laplaceans. A suitable choice for them in the present context is (R 2 )^ = (— -D 2 ) a6 (^ 



and (Pc) ab = (—D 2 ) ab , which are operators with a positive spectrum of eigenvalues. The 
regulator functions Ra and Re depend on both the coarse graining scale k, and on the back- 
ground field A a via P A 2 and Pj. A typical example for an exponentially smooth regulator 
function is given by R(P 2 ) = P 2 /(expP 2 /k 2 — 1). 

In order to maintain the invariance of S k under the combined transformation Q a + Q a 
we have to ensure that both (|15|) and fllBT) vanish under Q a + Q a . For the action of Q a on 
the regulator terms we find 

G\x) AS k = -DfR A %{P A 2 ) (A - A)l - g I cl(y) ([t a 5(x - y), Rc{B?, y )\f c c {y) . (17) 

Jy 

To compute how Q a operates on (|TJ) and (pp, it is helpful to consider first the action of 
(§) on D 2 . From @ (with A — A) it follows immediately that D 2 transforms as a tensor. 
Therefore P 2 and R(P 2 ), which are both functions of —D 2 , also transform as tensors under 

Q a {x)R{P 2 ) = [t a 5{x-y),R{P 2 )}. (18) 

Using also fllOD it is straightforward to show that ([H]) equals — Q a (ASk,A + AS k ,c) which 
establishes the desired property.^] 

So far, we have restricted the discussion to the classical action (0) with the regulator 
terms ( |T3D added. The computation of the effective action T^ follows with the usual 
procedure. We introduce sources (J, rj, r)*) for the fields (A — A, c, c*) to consider first the 
Schwinger functional W k = W^J^, T), i]*; A^], given by 



exp W k = / 1] {VA% Vc a Vcl) exp \-S k + [ (J«(A - A); + rf a c a - c* a r] a ) 
The effective action T^. is given by its Legendre transform 



(19) 



1 More generally, R^ and Iq need not to be of the form as given in the text. The required 
symmetry properties remain unchanged as long as they transform as tensors under the background 
gauge transformation. Our choice above is one such example. 



T k [A, c, c*; A] = -W k [J, v, V*; A] - AS k [A, c, c*; A] + jf {jftA - A)« + rfa - cfo.) . (20) 

Here, T k is a functional of the expectation values of the fields (e.g. A — A = —5Wk/SJ, 
etc).Q The flow equation for 1^ has already been given in ([I]). 

Finally we introduce the effective action T k which corresponds to T k evaluated at A — A, 

t k [A,c,c*]=r k [A,c,c*;A = A]. (21) 

As we shall argue below, this action is gauge-invariant. Its flow equation is simply given 
by the one for T k in ([!]), evaluated at A = A. It is important to stress that the flow of 
Tk, since it depends on the second functional derivatives of Tk w.r.t the dynamical fields 
(at A = A), is a functional of Tk and not a functional of T k . This makes it mandatory to 
study not only the symmetries of T k but also those of IV 



4. Modified and background field Ward-Takahashi identities 

We now turn to a detailed discussion of the Ward-Takahashi identities related to the 
transformations (^) and (^). Ward-Takahashi identities follow from an invariance of the 
Schwinger functional under gauge transformations. In the Wilsonian formalism, these 
identities are modified due to the presence of the regulator terms. The identity which 
follows from considering Q a Tk is denoted as the modified Ward-Takahashi identities (mWI). 
A second identity is derived from the background gauge transformations Q a T k , leading to 
the background field Ward-Takahashi identities (bWI). 

Let us first summarise some immediate consequences of the invariance of S k under the 
action of Q a + Q a . It can be read off from the definitions of the Schwinger functional 
(|19|) and the effective action (0), that the combination Q a + Q a leaves the functional T k 



invariant for generic A and A, 

(g a + g a ) T k = o. (22) 

Some comments are in order. Within a Wilsonian approach, the physical Green's function 
are approached in the limit k — > 0, where Tk approaches the full quantum effective action. 
We have already pointed out that the statement of physical gauge invariance corresponds 



2 For simplicity, we do not introduce other names for these fields because we shall only be 
concerned with Tk in the remaining part of the letter. 



to ( |22|) at k — 0, with the fields A and A identified, only if Tk=o satisfies the usual Ward- 
Takahashi identity connected to Q a . Therefore it is necessary to keep track of the action 
of the transformations Q a and Q a on Tk separately. Eq. (|22"D also implies that the effective 
action T[A, c, c*\ satisfies 



<3 a T k = 0, 



(23) 



which for k = expresses the desired physical gauge invariance. Consequently, for k ^ 0, 
physical gauge invariance is encoded in the behaviour of T k under the transformation Q a . 
This is also evident from the fact that the flow of I\. is a functional of IV 

We now give a detailed derivation of the related modified Ward-Takahashi identity. We 



start by applying Q a to the Schwinger functional Wk (|19|). To be more precise, we apply Q a 
to the integration fields variables A, c, c* which leaves Wk invariant since the path integral 
measure is invariant under the action of Q a and hence G a Wk = 0. Collecting all terms and 
making the Legendre transformation to r& yields 



g a r k = (g a (s gi + s gh + As k ))< 



(24) 



where the expectation value (• • -)j stands for connected Green's functions in the external 
source (J,rj,r]*) = (^Ffc, S c Tk, S c *Tk). We evaluate the expectation values in (|24|) by using 



:m 



and (|i"7D . After some algebra we arrive at 

G a (x) T k = G a (x) (S gi + S gh ) + Ll(x) + L% k (x) . 



(25) 



Both Lfc and L^k display loop terms. The first term Lk stands for the well-known loop 
contributions to Ward-Takahashi identities in non-Abelian gauge theories originating from 
{g a (S gi + S gh ))j. L k is given by 



Ll{x) = g 



z 



f 



aclb 



be 



D ® D ) Oft) (*, x) - f dc D^ x (D c ;G c eb ) (x, x) 



- 9 2 Dt x f bdc f che IQ&tt; + G A ct a — + G AC ^—A G c eb (x, x), (26) 



5A 



5c9 



5c*9 



where (D <g> D 



ytb 
> (ii/ 



D°^D C V . We have also introduced the propagators Ga, Gc, Gac and 



Gac*-, whose inverses are given by 

+ R ab 



„_! ab 

^* h A 



5 2 T k 



6AZ6AV ' ~ A '» U ' 



a 



_1 ab 



'AC ii 



S 2 T k 
6A^6c b 



G 



-l ab 
k.C 



G 



-l ab 



S 2 T k 
Sc a Sc* b 



+ R a c , 



5 2 T k 



T AC* n 



6A£6ct 



(27) 
(28) 



The term in the second line in ( p£p is a two-loop contribution to the Ward-Takahashi 
identity. To see this more explicitly, let us write out the first of its contributions: 



D a , d x (f bdc r he J o#(s, y)j^r- ) G c eb (x, x) 



(29) 



Note that $jr\Gc( x , x) is a loop closing at x with a gauge field vertex (at y) and Ga(x, y) 
is a line emanating at x and connecting to the vertex at y (see figure). 



/i, rf 



/ 



\ 



\ 



Feynman-diagram for the expression in braces in (p9| 



The term L^ k in ( p5|) comprises the loop contribution of (Q a ASk)j coming directly 
from the coarse graining and it is given by 



L\ k {x) = gtr ad t a ([Or, &/{&)] (*,*) - [G c , R c (P c 2 )} (*,*)) . 



(30) 



This term clearly disappears in the limit k — > 0, L^o = 0. 

The identity expressed by (|25|) is the modified Ward-Takahashi identities where the 
contribution from the coarse graining is contained in L^ k . It follows that the mWI ( p5|) 
turns into the usual WI for k = 0: 



£ a r = L%. 



(31) 



It is left to cast Q a T k into an explicit form. Starting by applying Q a to W k [J,r],r]; A] leads 
to Q a W k = -DfJ h u - (Q a (Sgf + S gh + AS k ))j. It follows from (EO) that 



Using (O 



£ a (r fc + AS fc ) = (£ a (Sgf + S gh + AS k ))j. 
T7|) and (p~8|) this last equation takes the form 



g a T k = G a (S gi + S gh ) - (L a k + L a Rk ) 



(32) 



(33) 



Eq. ( p22|) follows immediately from this identity and the mWI (|25[) . 

We close this section with a comment on the finiteness of fl25|) and fl33l) . The quantum 
corrections in L£ are familiar as they appear already in the usual WI. In perturbation 



8 



theory, these terms require an additional UV regularisation and renormalisation. In the 
present Wilsonian framework, however, we are dealing with UV finite quantities. The flow 
of the effective action Tk starts with a finite initial condition at k = A, T\. The finiteness 
of L\ then follows from the observation that the flow (which is IR and UV finite) can- 
not generate UV divergences. Therefore, in contrast to perturbation theory, no additional 
renormalisation is needed to make them finite, which is one of the key advantages of the 
ERG approach. 



5. Symmetries of the flow and physical gauge invariance 

The implementation of coarse graining modifies the gauge symmetry of the theory as 
we have discussed. At the formal level it is clear that the original symmetry is restored 
when the coarse graining scale is removed (see also ((51])) • A more delicate problem is to 
guarantee that this also happens at the level of the solution to the flow equation. 

To understand how gauge invariance is encoded throughout the flow, it is pivotal to also 
study the action of the symmetry transformations on dfTf. (see (0)). Firstly we derive how 
the combined transformation Q a + Q a acts on dtT where we only want to argue at the level 
of the flow equation. The flow equation ([[]) functionally depends on second derivatives of 
I\. w.r.t. fields A, c, c* and on R, d t R. Hence, we are interested on the action of Q a + Q a on 
these quantities. We note that 



{G a + G a ){x) 



8 2 Y k n, .„ 5 2 T k in be 



6A$6AZ 



SU a , 



'x 



SAJA L 



^)M^([^,0]f (34) 

and similar identities for mixed derivatives. Here we have used (22) and the commutator 



of two derivatives w.r.t. the fields A, c, c* and Q a . For the sake of simplicity we have 
introduced the short hand notation [S x , 0](y, z) = S(y — x)0(y, z) — 0(y, z)S(z — x). This 
facilitates the following conclusion. Eq. ( |34|) states that second derivatives of T k w.r.t. the 
fields A, c, c* transform as tensors under Q a + Q a . Together with (|Tj|) this implies that the 
propagators Ga and Gc transform as tensors: 

(G a + G a )(x)G A = [t a S x , G A ], (G a + Q a )G c = [t a S x , G c }. (35) 

With (pD and (||) we conclude 

(g a + g a )d t r k = o. (36) 



9 



This implies that Q a d t Tk — 0. Note that the only input for (^) was the invariance of IV 
Thus, if the initial effective action r a is invariant under Q a + Q a it follows that the full 



effective action T satisfies {Q a + Q a )T = 0. In other words, (|22|) and (^g) are the proof 
that flow and (Q a + Q a ) commute. Moreover, To satisfies the usual WI ([H]). This means 
that we can follow the line of arguments of the background field formalism as explained in 
the second section. Thus we conclude that Q a T = displays physical gauge invariance. 

Now we continue with a remark on the consistency of the mWI (^5|) with the flow. 
As for other formulations of Wilsonian flows in gauge theories |||7|,[|,[nj, the flow of the 
modified Ward-Takahashi identity is proportional to the mWI itself. Very schematically 
this identity has the form 

(d t - o) (g a r k - g a (s gi + s gh ) -Lt- L\ k ) = o, (37) 

where O does only depend on T k and derivatives of the field. An explicit expression for O 
in (R7I) has been given in |TI| . Eq. ( 571 ) states that if the effective action Tk satisfies the 



mWI at some (initial) scale k = A, then Tk automatically satisfies the mWI for all scales 
k, provided it is obtained from integrating the flow equation. Hence, r satisfies the usual 
Ward-Takahashi identity. 

We also like to briefly discuss the connection between gauge invariance in the present 
approach and BRST-invariance in the BRST formalism. An analogous treatment within 
a BRST formulation has been given 0,[|,[7|] where the information about the gauge sym- 
metry is carried by a modified BRST-identity. This identity reduces to the mWI ( |25| ) by 
integrating out the ghosts and putting the BRST charges to zero. Its advantage in the 
standard perturbative approach is that BRST invariance leads to a bilinear equation in 
derivatives of the effective action (the well-known master equation). In the presence of 
a coarse graining term, however, this identity receives an additional term which contains 
the propagator derived from the effective action, thus spoiling the bilinear structure. This 
additional term has the same form as the loop terms already present in Ward-Takahashi 
identities for non-linear symmetries. Therefore, we see no advantage in studying BRST 
invariance rather than the usual Ward-Takahashi identities. 

In summary, we have established the complete set of equations relevant for the control 
of gauge invariance within the present approach. In particular, it has been shown that 
there is no additional fine-tuning condition, despite the presence of a background field. 
These results can be used for further interesting applications in the Wilsonian approach 
to non-Abelian gauge theories. The formalism is well-suited for analytic calculations. For 



example a consistent calculation of 2-loop quantities can be done analytically [12|. Note 



that the introduction of a background field to the cut-off terms is not restricted to the 

10 



background field gauge discussed here. In axial gauges a similar procedure can be used 
to obtain a gauge invariant effective action. Here analytic calculations of the full effective 
action (in some approximation) are accessible J13] . 



Acknowledgements 

It is a pleasure to thank C Wetterich for discussions. FF and JMP thank the Institut 
fiir Theoretische Physik, Heidelberg and DFL the Dublin Institute of Advanced Studies 
for their kind hospitality during different stages of the work. 



[1] 
[2] 
[3] 
[4] 



[6] 
[7] 
[8] 

[9 
[10 

[11 

[12 

[13 



J. Polchinski, Nucl. Phys. B231 (1984) 269. 

M. Reuter and C. Wetterich, Nucl. Phys. B417 (1994) 181. 



U. Ellwanger, Phys. Lett. B335 (1994) 364 [|hep-th/9402077 |. 

U. Ellwanger, M. Hirsch and A. Weber, Z. Phys. C69 (1996) 687 [ |hep-th/95060T9f ; Eur. 



Phys. J. CI (1998) 563 jhep-ph/9606468[| . 

M.Bonini, M. D Attanasio and G. Marchesini, Nucl. Phys. B421 (1994) 429 | |hep-th/| 



931211411 ; Phys. Lett. B346 (1995) 87; |hep-th/9412195|l ; Nucl. Phys. B437 (1995) 163 [pep- 



th/9410138 



F. Freire and C. Wetterich, Phys. Lett. B380 (1996) 337 Hhep-th/9601081 [. 

M. D Attanasio and T.R. Morris, Phys. Lett. B378 (1996) 213 | frep-th/9602"l56 |. 

D. F. Litim and J. M. Pawlowski, Phys. Lett. B435 (1998) 181 |hep-th/9802064| ; Nucl. 
Phys. Proc. Suppl. 74 (1999) 325 [|hep-th/980902T| ; Nucl. Phys. Proc. Suppl. 74 (1999) 329 
Hlaep-th/980902a|l . 



T. R. Morris, Nucl. Phys. B573 (2000) 97 [[hep-th/ 99 10058] ; |hep-th/0006u64 . 



D.F. Litim and J.M. Pawlowski, Proceedings of the Workshop on the ERG in Faro, Portugal, 
Sep98, published in World Scientific [|hep-th/9901u63 |. 



L.F. Abbott, Nucl. Phys. B185 (1981) 189. 

J.M. Pawlowski, in preparation. 

D.F. Litim and J.M. Pawlowski, in preparation. 



11 



